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3) Although essential oils have been regarded as useful sedatives, 4) there is little information on the antimicrobial or antifungal activities of essential oils extracted from coniferous trees. Essential oils with antimicrobial properties from medicinal as well as other edible plants have been recognized since antiquity. 2) In addition, essential oils are used as food flavoring agents, and have a broad spectrum of in vitro antimicrobial activities attributed to the high content of phenolic derivatives. 5) More recently, plant extracts have been developed and proposed for use in foods as natural antioxidants. 6) In the present study, we investigated the antimicrobial and antifungal activities of several essential oils extracted from the coniferous trees Pinus densiflora, Pinus koraiensis, and Chamaecyparis obtusa against bacteria and fungi that commonly cause foot rot and other diseases. The essential oils were quantified using gas chromatography (GC) and identified in gas chromatography-mass spectrometric (GC-MS) analysis. In addition, the antibacterial effects against grampositive and gram-negative bacteria and antifungal effects against fungi were assayed using essential oils distilled from the needles of coniferous trees.
MATERIALS AND METHODS

Essential Oil Extraction
The needles of the Japanese red pine (P. densiflora), Korean pine (P. koraiensis), and Japanese cypress (C. obtusa) were collected at the Reforestation Experiment Site of Chungbu Forest Experiment Station, Gyeonggi province, Korea. The essential oil from freshly cut needles of each species was obtained by steam distillation using a manufactured apparatus with a condenser. Distillation continued for 2-3 h at 100°C, and the volatile compounds containing the water-soluble fraction were allowed to settle for 20 min. The essential oil layer was separated and finally purified through a microfiltering and dehydration process.
Measurement of Refractive Index
The refractive index of chemical compounds is considered important because it indicates characteristic physical properties. We determined the index of the oils using an Abbe refractometer equipped with a sodium lamp (Bausch & Lomb, GD8804, U.S.A.).
Quantification and Identification Each essential oil compound was quantified using a gas chromatograph (GC, Shimadzu GC-14A, Japan) equipped with a Shimadzu CPB-20 capillary column (0.2 mm inner diameterϫ50 m length). First, the calibration curves for several standard essential oils were obtained, and the calibration equation of each compound was used for quantification. GC analysis was carried out using helium carrier gas with an FID detector, and the injection and detection temperatures were 150 and 200°C, respectively. The oven temperature was increased from 50 to 200°C at intervals of 2°C/min over 75 min. Some other essential oils were identified using a gas chromatograph (Hewlet Packard, HP6890, U.S.A.)-mass spectrometer (JEOL, JMS-600W, Japan). The GC column was a 60-m (length)ϫ0.25-mm (inner diameter) DB-WAX (0.25-mm film) fused silica capillary column (J&W Scientific, U.S.A.), and the spectra were obtained in the EI mode with 70-eV ionization energy. The compounds were identified by comparison with retention times and the mass spectra obtained from authentic standards on the GC-MS system used for analysis.
Comparative Antimicrobial and Antifungal Screening Antibacterial and antifungal assays were carried out of the , and against the fungus Candida albicans. The antibacterial and antifungal activities were determined using the agar diffusion method. Filter paper discs 10 mm in diameter (Advantec, Japan) were impregnated with 50 ml of essential oils at various dilutions. The bacterial strains were placed in tubes of trypticase soy agar (Difco, U.S.A.) and the fungus in tubes of Sabouraud dextrose agar (Difco). After 24-h incubation at 37°C (bacteria) and 30°C (fungus), four or five colonies were inoculated in 4 ml of Muller-Hinton broth (MHB) or Sabouraud dextrose broth and incubated for 2 h at 37°C and 35°C, respectively. These inocula were adjusted to the 0.5 MacFarland Standard (0.048 M BaCl 2 0.5 mlϩ0.18 M H 2 SO 4 99.5 ml). All assays were carried out in triplicate, and the control employed consisted of discs of chloramphenicol (30 mg) in the antibacterial and nystatin (100 units) in the antifungal assays. The Petri dishes were refrigerated (4°C) for 30 min to facilitate diffusion of the essential oil in the medium before incubation. They were subsequently incubated at 37°C for 24 h in the case of the bacteria, while the fungus was cultured at 30°C for 24 and 48 h. After incubation, the growth inhibition rings were quantified by measuring the diameter for the zone of inhibition in millimeters (including the diameter of the disc) from the lower surface of the Petri dishes.
Antibacterial and Antifungal Effects of Essential Oils from Coniferous Trees
RESULTS
Qualitative Analysis of the Essential Oils
The refractive index (nD 20 ) of essential oils extracted from three conifer needles is shown in Table 1 , which ranged from 1.476 to 1.480 as determined by the D-line of a sodium lamp at 20°C. No significant variation in the refractive index was observed among essential oils from the three coniferous trees. The chemical components of essential oils determined by GC-MS analysis are shown in Table 2 . The major components and their percentage of each essential oil were: 19.33% b-thujene in P. densiflora; 10.49% a-pinene in P. koraiensis; and 10.88% bornyl acetate in C. obtusa.
Comparative Antimicrobial Screening The effects of three essential oils on antibacterial and antifungal activities are shown in Table 3 . Treatment with essential oils inhibited the growth of gram-positive and gram-negative bacteria and the fungus in the antimicrobial and antifungal activity assays. Antimicrobial activity of essential oil from P. densiflora was observed in L. monocytogenes (12 mm), S. aureus (14 mm), and K. pneumoniae (12 mm) when treated with one disk containing the essential oil-Tween 20 (9 : 1; 5 ml/disk). Furthermore, 1/2 of a disk (2.5 ml/disk) inhibited the growth of L. monocytogenes (11 mm) and S. aureus (12 mm). However, the essential oil from P. koraiensis had only antifungal activity (one disk, 12 mm; 1/2 disk and 1/4 disk, 11 mm) against C. albicans (Tables 3A, B ). In addition, treatment with essential oil from C. obtusa resulted in the growth inhibition of L. monocytogenes (one disk and 1/2 disk, 12 mm), S. aureus (one disk, 16 mm; 1/2 disk, 14 mm), Legionella anisa (one disk, 13 mm; 1/2 disk, 12 mm), and C. albicans (one disk, 12 mm; 1/2 disk, 11 mm) as demonstrated in Table 3C . Treatment with oils from P. densiflora, P. koraiensis, and C. obtusa exhibited an inhibitory range of 11-16 mm with some microorganisms tested. However, other concentrations of essential oils did not inhibit the growth of microorganisms. Interestingly, these results indicate that the essential oil from P. densiflora has antibacterial effects, and the essential oil from P. koraiensis has antifungal effects, whereas the essential oil from C. obtusa has both antibacterial and antifungal effects. 864 Vol. 27, No. 6 
DISCUSSION
In this study, the composition and antimicrobial properties of essential oils from P. densiflora, P. koraiensis, and C. obtusa were examined. The major components of each essential oil were b-thujene in P. densiflora, a-pinene in P. koraiensis, and bornyl acetate in C. obtusa. Essential oils, which are odorous and volatile products of plant secondary metabolism, have a wide application in folk medicine, food flavoring and preservation, and fragrance industries. The antimicrobial properties of essential oils have been known for many centuries. Many essential oils and their constituents have been investigated for their antimicrobial properties against bacteria and fungi and there are more than 500 reports.
7) The differences observed in the antimicrobial and antifungal activities of these essential oils suggest the susceptibility of microorganisms to various chemical components of the oils. The compositions of essential oils depend on the plant species, chemotypes, and climatic conditions. 8) These oils have been demonstrated to have antimicrobial activity, even though their effect against bacteria was not weak. In the present study, treatment with the essential oil from P. densiflora inhibited the growth of L. monocytogenes (45.9-50% vs. control), S. aureus (66.7-77.8% vs. control), and K. pneumoniae (40% vs. control), while the essential oil from P. koraiensis only had antifungal activity against C. albicans (28.9-31.5% vs. control). In addition, treatment with essential oil from C. obtusa resulted in the growth inhibition of L. monocytogenes (50% vs. control), S. aureus (77.8-88.9% vs. control), L. anisa (120-130% vs. control), and C. albicans (28.9-31.5% vs. control). It is of interest that an antifungal effect on the growth inhibition of C. albicans was observed for all essential oils except that from P. densiflora, suggesting that the composition of each essential oil may vary in effectiveness against C. albicans.
The refractive index of liquid oil or fatty acids depends on the numbers of carbon and double bonds and the presence of ketone or hydroxyl groups. Therefore the variation in the re- 
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Klebsiella pneumoniae -: complete lack of activity. a) Chloramphenicol 30 mg. b) Nystatin 100 units.
fractive index can provide the basis for simple measurements to predict antimicrobial activity and to discriminate between pure and mixed oils. This will also illustrate the variation of essential oil composition between sites, species, and even in individual plants. 9) Australian endemic plants produce a wide range of essential oils such as tea tree oil (oil of Melaleuca alternifolia), which is used in consumer health products including topical antiseptics, mouthwashes, and acne treatments. 10, 11) The broad-spectrum antimicrobial activity, chemistry, and in vitro cytotoxicity of tea tree oil have been well documented. 12, 13) Terpinen-4-ol is generally believed to be the antibacterial constituent of essential oils, and a-terpineol and a-pinene are also found to be active in inhibiting the growth of microorganisms. 14) In the present study, we demonstrated that the essential oil from P. densiflora has an antibacterial effect, whereas essential oil from P. koraiensis has an antifungal effect. Interestingly, the essential oil of C. obtusa had an antibacterial as well as antifungal activity. It is possible that these essential oils from coniferous trees can be used as antibacterial and/or antifungal agents in food or other ingredients. The mechanism of antibacterial and antifungal effects of these essential oils extracted from coniferous trees needs to be further examined for potential uses. In conclusion, these results indicate that the essential oils derived from coniferous trees, which have mild antimicrobial properties, can inhibit the growth of gram-positive and gram-negative bacteria and fungi.
